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ABSTRACT 



A bass compensation circuit for use in a sound repro- 
duction device is provided with a second-order positive 
feedback type high-pass filter. The filter has an opera- 
tional amplifier and a first positive feedback resistor, a 
first variable resistor connected to an input terminal for 
receiving an input signal, coupled with a second vari- 
able resistor for volume control, and a second resistor 
for determining a p-value and a cut-nfT frgquwic^v of a 
second-order positive feedback type high-pass filter. 
The first variable resistor and the second resistor are 
inserted in series between the fu-st resistor and the 
ground. Thus, the bass compensation circuit can am- 
plify only low frequency signals which do not serve as 
a masking sound used in masking middle and high fre- 
quency signals and has a low level when the sound 
volume is low. JVloreover. the O- value ant^ thff f "t-nrf- 
jrequency of the second-order positive feedback type_ 
high-pass tuter can continuously be changed by using^ 
the second variable resistor. C onsequently, the Q-value 
and the cut-oti trequency oi' the second-order positive 
feedback type high-pass filter can change in a natural 
manner against a change in sound volume. 

2 Claims, 2 Drawing Sheets 
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FIG. 3 PRIOR ART 
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BASS COMPENSATION aRCUIT FOR USE IN 
SOUND REPRODUCnON DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a bass compensation circuit 
for use in a sound reproduction device. 

2. Description of the Related Art 

First, a conventional sound reproduction device pro- 
vided with a range correction circuit (namely, a tone 
control circuit or an equalizer) will be described herein- 
below by referring to the accompanying drawings. 
FIG. 3 is a circuit diagram for illustrating the configura- 
tion of the range correction circuit provided in the 
conventional sound reproduction device and adapted to 
change relative levels of amplitude (hereunder some- 
times referred to simply as levels) at frequencies of 
middle and high frequency ranges and of a low fre- 
quency range correspondingly to change in sound vol- 
ume. As shown in this figure, a variable resistance with 
a center tap is employed as a variable resistor 13 for 
volume control. Further, a time constant circuit com- 
prised of resistances 16 and 17 and capacitors 14 and 15 
is connected to the variable resistor 13. Circuit con- 
stants of this time constant circuit are determined in 
such a manner that the reactance of the capacitor 14 is 
sufficiently high but that of the capacitor 15 is low 
correspondingly to frequencies of a middle frequency 
range. Further, levels at frequencies of the middle fre- 
quency range can be changed only by regulating the 
variable resistor 13. Moreover, levels at frequencies of a 
high frequency range rise due to reduction in reactance 
of the capacitor 14. Furthermore, levels at frequencies 
of a low frequency range rise owing to increase in reac- 
tance of the capacitor 15. Additionally, the conven- 
tional sound reproduction device provided with this 
circuit employing a frequency response (namely, fre- 
quency characteristics), the graph of which is as illus- 
trated in FIG. 4, in order to realize a well-known loud- 
ness contour. 

As is seen from FIG. 4, the frequency response of the 
conventional sound reproduction device provided with 
the range correction circuit gently changes in a fre- 
quency range, the center frequency of which is 1 kilo- 
hertz (kHz). As the result, in case where sound volume 
is small, a listener has a feeling of indistinctness toward 
sounds of frequencies of middle and low frequency 
ranges. Especially, a listener feels as if a vocal part were 
turned down. Even if such a frequency response is im- 
proved and a rollofi" frequency is regulated in -such a 
manner to increase levels at frequencies of low and high 
frequency ranges, it is difficult to increase only levels at 
necessary frequencies, because of the fact that basically, 
the circuit has a first-order fiher arrangement. The pres- 
ent invention is created to resolve such a problem of the 
conventional circuit. 

^ It is, therefore, an object of the present invention to 
provide a bass compensation circuit for use in a sound 
reproduction device, which can compensate a fre- 
quency response at desired frequencies of a low fre- 
quency range, which are necessary for music reproduc- 
tion in such a way that the compensated frequency 
'response can change against change in sound volume in 
a natural manner. 



SUMMARY OF THE INVENTION 

To achieve the foregoing object, in accordance with 
an aspect of the present invention, there is provided a 

5 bass compensation circuit for use in a sound reproduc- 
tion device, which comprises a second-order positive 
feedback type high-pass filter having an operational 
amplifier and a first resistor opierative to be a p>ositive 
feedback resistance, a coupling type variable resistor 

10 coupled with another variable resistor for volume con- 
trol, and a second resistor for determining a Q-value and 
a cutoff frequency of the second-order positive feed- 
back type high-pass filter, wherein the variable resistor 
and the second resistor are inserted in series between 

15 the first resistor and the ground. 

With this configuration, the bass compensation cir- 
cuit of the present invention can amplify only a signal 
representing a sound having a frequency of a low fi'e- 
quency range, which does not serve as a masking sound 

20 to be used in performing a masking of sounds having 
frequencies of middle and high frequency ranges and 
has a low level especially when a corresponding sotmd 
volume is small. Moreover, the Q-value and cutoff fre- 
quency of the second-order positive feedback type 

25 nigh-pass filter can continuously be changed by using 
T iie vanatHe resistor for volume control. Thus the O- 
vaJue and cutoii irequency ot the second-order positive 
"leeaoacK type nigti-pass tuter can change in a natural 
manner against cnange in sound volume! N amely, dif- 

30 "terentiy irom the conventional loudness control circuit, 
the bass compensation circuit according to the present 
invention can compensate only a low frequency range 
correspondingly to every sound volume. As a result, the 
bass compensation circuit of the present invention can 

35 provide a natural tone or frequency response without 
substantial change in levels at frequencies of middle and 
high frequency ranges. Especially, the bass compensa- 
tion circuit is effective in compensating a masking of 
sounds having frequencies of a low frequency range due 

40 to what is called a load noise of an on-board sound 
reproduction system or a relatively small bass-reflex 
enclosure. 

Incidentally, in case of an on-board sound reproduc- 
tion system, there is a limit to reproduction of sounds 

45 having frequencies of a low frequency range because 
the room of a car is small. Moreover, sounds having 
frequencies of a low frequency range are often cut or 
attenuated owing to poor installation of loudspeakers. 
Such a problem can be resolved by employing the bass 

50 compensation circuit of the present invention, which 
can raise the levels at frequencies of a low frequency 
range while cutting sounds having frequencies of an 
ultra-low frequency , range. At the maximum of sound 
volume, the bass comp>ensation circuit serves as a low- 

55 cut filter and thus can prevent an occurrence of a distor- 
tion to be resulted from what is called an over-ampli- 
tude phenomenon of a loudspeaker. 

BRIEF DESCRIPTION OF THE DRAWINGS 

60 Other features, objects and ad vanuges of the present 
invention will become apparent from the following 
description of a preferred embodiment with reference 
to the drawings in which like reference characters des- 
ignate like or corresponding parts throughout several 

65 views, and in which: 

FIG. 1 is a circuit diagram for illustrating the config- 
uration of a bass compensation circuit of a sound repro- 
duction device embodying the present invention; 



08/27/2003, EAST Version: 1.04.0000 



5,305,388 



FIG. 2 is a graph for illustrating the frequency re- 
sponse of the sound reproduction device provided with 
the bass compensation circuit according to the present 
invention as illustrated in FIG. 1; 

FIG. 3 is a circuit diagram for illustrating the config- 5 
uration of a range correction circuit of a conventional 
sound reproduction device; and 

FIG. 4 is a graph for illustrating the frequency re- 
sponse of the conventional sound reproduction device 
provided with the range correction circuit of FIG. 3. '0 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Hereinafter, a bass compensation circuit for use in a 
sound reproduction device, which is a preferred em- " 
bodiment of the present invention, will be described in 
detail by referring to the accompanying drawings. 

FIG. 1 is a circuit diagram for illustrating the config- 
uration of a bass compensation circuit of a sound repro- 
duction device embodying the present invention. As 
shown in this figure, a second-order positive feedback 
type high-pass filter is comprised of a fu-st capacitor 1, 
a second capacitor 2, a first resistor 3, a second resistor 
4, a third resistor S, a fourth resistor 6 and an opera- 
tional amplifier 9. Further, a terminal of a coupling type 
variable resistor 8 coupled with a variable resistor 10 for 
volume control is connected to an input terminal of the 
second-order positive feedback type high-pass filter. 
The other terminal of the resistor 8 is connected in 
series to a fifth resistor 7 for determining the cut-off 
Jrequencv and O-value of the second-order positive 
feedback type high-pass filter. 

Let Ci denotes the capacitance of the first capacitor 
1; C2 the capacitance of the second capacitor 2; Ri the 3, 
resistance of the first resistor 3; R2 the resistance of the 
second resistor 4; Rf the resistance of the third resistor 
5; Rs the resistance of the fourth resistor 6; and R3 the 
combined resistance of the combination of the fifth 
resistor 7 and the coupling type variable resistor 8 con- ^ 
nected in series with each other. In practice, the values 
of Ci, C2, Ri, R2, Rf, Rs and R3 are set as indicated in 
FIG. 1. The transfer function of the bass compensation 
circuit of the sound reproduction device of the present 
invention, which has the above described configuration, 45 
is practically given by the following equation (1): 

Output Volugc/Input Voltage = KS^/IS^ + S{(l/«jCi) + (1) 

{l/RzCi) + AKl/AiC) + (l/i?3Ci)} + jp 
{(«! + RiVCiCjRiRiR}}] 

where S=j to and K=l-|-(Ri/R3). 

Further, the cut-off frequency fcand the Q-value Q of 
the device are given by the following equations (2) and 55 
(3), respectively: 



(2) 



fc = (l/2ir)N{(«, + R3)yCiC2RiX2Xs} 
Q = U\\{Ri/iRi + Ri)) {N (C2«,/Cifi2) + 

\(CiRt/CiRi) + (I _ K) N (CjfiyCifii) + 



60 



65 



\CiRiRi + C,R}^) 1 



As can be understood from the equations (2) and (3), 
if the combined resistance R3 of the combination of the 
fifth resistor 7 and the coupling type variable resistor 8 
decreases, the Q-value decreases but the cut-off fre- 
quency Fc increases. Thus, the Q-value Q and the cut- 
off frequency f^of the device can be changed by means 
of the variable resistor 10 for volume control by con- 
necting the coupling type variable resistor 8 to the vari- 
able resistor 10 in such a manner that the resistance of 
the resistor 8 decreases when the sound volume is in- 
creased by changing the variable resistor 10. 

Moreover, in this case, the gain of the device de- 
creases at a rate of approximately 12 decibels/octave 
(dB/oct) in a low frequency range, the frequencies of 
which are higher than the rolloEf frequency of the de- 
vice. Thus an occurrence of what is called an over- 
amplitude phenomenon of a loudspeaker can be pre- 
vented by setting the Q-value as 0.7 or so when the 
sound volume stands at its maximum value and also 
setting the Q-value as a large value when the sound 
volume is small. 

Referring to FIG. 2, there is shown change in fre- 
quency response of the device in case where the resis- 
tance of the variable resistor 10 is changed. 

While a preferred embodiment of the present inven- 
tion has been described above, it is to be tmderstood that 
the present invention is not limited thereto and that 
other modifications will be apparent to those skilled in 
the art without departing from the spirit of the inven- 
tion. The scope of the present invention, therefore, is to 
be determined solely by the appended claims. 

What is claimed is: 

1. A bass compensation circuit for use in a sound 
reproduction device, comprising; 

a first variable resistor, connected to an input termi- 
nal for receiving an input signal, having a tap for 
voltmie control; 

a second-order positive feedback type high-pass filter 
having: 

a first capacitor having a first terminal and a second 
terminal, the first terminal of the first capacitor 
being connected to the tap of the first variable 
resistor; 

a second capacitor having a first terminal and a sec-' 
ond terminal, the first terminal of the second capac- 
itor being connected to the second terminal of the 
fu-st capacitor; 

a first resistor having a first terminal and a second 
terminal, the first terminal of the fu-st resistor being 
connected to the second terminal of the first capac- 
itor; 

a second resistor having a first terminal and a second 
terminal, the first terminal of the second resistor 
being coimected to the second terminal of the sec- 
ond capacitor, the second terminal of the second 
resistor being grounded; 

an operational amplifier having a non-inverting ter- 
minal, an inverting terminal and an output terminal, 
the non-inverting terminal of the operational am- 
plifier being connected to the second terminal of 
the second capacitor and to the first terminal of the 
second resistor, the second terminal of the first 
resistor being connected to the output terminal of 
the operational amplifier, the output terminal of the 
operation amplifier being the output terminal of the 
circuit; 

a third resistor having a first terminal and a second 
terminal, the first terminal of the third resistor 
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being connected to the output tcrminaj of the oper- 
ational ampMfier, the second terminal of the third 
resistor being connected to the inverting terminal 
of the operational amplifier; and 

a fourth resistor having a first terminal and a second * 
terminal, the first terminal of the fourth resistor 
being connected to the inverting terminal of the 
operational amplifier and to the second terminal of 
the third resistor, the second terminal of the fourth 
resistor being grounded; 

a second variable resistor adapted to change resis- 
tance thereof correspondingly to change in resis- 
tance of the first variable resistor, the second vari- 
able resistor having a first terminal and a second is 
terminal, the first terminal of the second variable 
resistor being connected to the second terminal of 



6 

the first capacitor of the second-order positive 
feedback type high-pass filter; and 
a fifth resistor having a first terminal and a second 
terminal, the first terminal of the fifth resistor being 
connected to the second terminal of the second 
variable resistor, the second terminal of the fifth 
resistor being grounded, the fifth resistor determin- 
ing a cut-ofr frequency and a Q-value of the s g- 
cond-order positive feedback type hig h. pn s&ffte;, 
wherein the determined cutoff frequency and Qr, 
^dalue of the high pass filter compensate the fre- 
quency response at a low frequency range. 
2. The bass compensation circuit according to claim 
1, wherein the Q-value and the cut-off frequency of the 
second-order positive feedback type high-pass filter are 
changed according to the first variable resistor. 
***** 
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